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AS STRACT

Measurement control checks for nondestructive
assay instruments have been a constant ●nd con-

tinuing concern at Loa Alamo.a National Labora-
tory. This pnper bummarizea the evolution of
the measurement control checks in the varioua
high-resolution gamma cyatems we have developed.

In-plni.t experiences with these syatema and
checks will be diccuaaed. Baaed on theoe expe-
riences, a aet of measurement control checks ia
recommended for high-resolution gamma-ray ●ya-

tema.

1. INTRODUCTION

During the paot several yearn, nondestruc-
tive aaaay (NDA) ~nstrurnentation has found in-
cre~sing uae in nuclear facilities for nuclear
strfegwrrds, criticality safety, ●nd proceoa ●nd

muteriel nontrol. It ie generally neceaaary to
bnse thc~e inntrumrnta on a minicomputer or
mlcroprocesnor uyatem to AChieV@ eaae of opera-

tion in nsanyiat interaction, dnta collection,

data redurtion, inetrt$rnent cnltbratiorr, and
record ntora.,r.. In some caaee, thie inntruman-

tatlon in tntegrnted into the overnll special
n~lclcnr mn!e!lnla (SNM) control my~tema of fa-

cilltira to give “r@nI-ti me” n\]clenr material
control . Ber.)uac the Nf)A inntrtlmvntation oftnn
pruvidrm the input to the SNM accountability
ny~tcm, it la rra~~nltnl to hnvo n Wrll-rlenignerl
qIInllty n~nurnnc? pr(,Krnm of the NDA-Keneratad
nMrldly Z’Pnultm,

experience haa been accumulated about t4c checks,
which detect potential problems that, unde-

tected, would degrade measurement reli&bility.

This paper deacribea the evolution of the MC

checks in the varloue high-resolution gamma aya-

tema (HRCS) we have developed.

11. EVOLUTION OF W.ASUREMENT CONTROL

Table I liata the varioua HRGS we have de-
vrloped and fnatalled in plantn over !.he yearn.
The segmented gamma anan (SCS)l ie one of the
●arlier eysteme developed to asany low-dentrity

scrap and waste. The Loa Alamos SGS deoign in-
corporate a computer with 16-k worda of memory,
which is aleo uarri for the multichannel ●nalyzer

(MCA) memory. Beceuoe of limited memory, the
only MC check buflt into the aymtom in a dally

check of the ca!i>ration conntant. The SGS uaea
eingle-ga!n dig’tal ntnblllzation. Over the
yeare we found that th~ ayatc?m ruquirac viRi-

lance by the opcratoro to check the resolution

of the detector nnd the amplifier gnin. Becaume

the digital stabilization greatly reduces the
gl~in drift, ic ia a highly denirable cornpnnent
for plnnt ayntemn. The second HRCS, the uranium

etrlutlon nasny ayntem (USAS) ,2$3 wn a inctnllerf

●t the urnnturn reproceflslrrg facility at Loo
A1nmoa in 1975. Tho USAS has a gain check built
Into the comp{lter program and ~len requires n

urnntum foil assay dally to check the cal J!ra-

tlon conntnntm. The USAS mnnitoro n puln~r peak

area for late lone corr~cttrrn; t;le ct>mputer pro-
grom thorefr)re 61OU checkm the potr!tion of the

~~iln~i ~~nk. ThesQ checkrn, thouuh modent III
m(,npe, have hc~n extremely unefu] duriI\K tllo

past 8 yemra of plant use, Problems such an tlie

drffting ot the p!ilmer voltnRe output !II an rn-

vlrot)ment wher~ trmpernturo may fluctuate no
mtlrh na 20-F in one dny, nRtIlg ●le(tr{)nlr compo-

nents, and dotortnr det~rlorat inn, wore readily

detected .

ThP ●elutinn aaaay tnntrumorrt (SAI, ftrmt

gwla*l’iltlol\)4P~ Cnnlllmtm of twu different hnr4-
Wnto rUllrlgUrat IOIIC nf tile ❑oanuromnnt principle
d~veloped by J. 1,. Pmr’kmr.~ mm SA1,4 baned on
● I)nta (bnmral romput-r Wltl) a vuntom.-bullt HCA

● nd ●omombly lanHIiaRe pr{)gramm(ng, caltJlatmn



TABLE I

HEASUREHENT COhTROL IN HIGH-RESOLUTION CAHflA-RAY NDA SYSTEMS

Generic Check——— .-. —— Diagnostic Check——-.————.—- - —-——-—-

Sya;em
Plant

Acc~ Precision Gain-Zero—.. --. — Back~und------ —— — resolution Peak-Ratio Installation—-— —---— —- -. —--— —--—-—— —. -—-—

Segmented Gamma Scan
(SGS)”

Uranium solution aaoay
system (UsAs)b

Solution a88ay instrument
(SAI)
(Fitnt genera tion)c x x (x) (x) (x)
(Second generation)d x x x x x

TOKAI denaitometere A x x x

Low ao]uti On aemy x x x x x
instrument (LOSAI ) f

Note : x : Thin check is in the computrr program.
(x): This check may or may not be in the computer program

A: Thl B check in done by ndministratlve control.

~~e-f”a””l+- ‘- “-” ““” ““-””

bRefa. 2 and 3.
cRefa. 4 ●nd 5.
dRef. 7.
‘Ref@. 9 ●nd 10.
fRef. 13.

explanation in text

1973-present

1975-present

(x) 1979-present
x 1981-present

x 1979.. present

x 1982 -pre6ent



the short-term random ● rror lo vithin reseonable

limits. The main features of thesr checks ● re

Accuracy Check—..-.. -—
Purpose: Check againat detector efficiency

change, detector-toeaorple poeition

change .

Check: T-(% - wo)l~f,f.
Wo = accepted value of stable standard

or necondary atnndard.
WM, IJM = measured value and ●l@a.l]

Preciajon Check—.- . . .- . -..—
Purpose: Check against ehort-term fluctuation

that may ●xceed the statistical fiuc.
tuations. Especially important if the
i~yatem involves moving mechanical

parta.

Check: Reduced X2 - S?,/u~.
S~ - variance due to n repeated meas-

urement .

‘?I - variance due to counting

statitrtics.

The generic MC huve been in uae at the Loa
Aiamoa Plutonium Facility for several yeera.
The wealth of information accumulated can be
studied to determine the intitrument performance

in a number of areas and to determine the uec-
fulneaa of the generic chackti. Part of the
study of thin information la being preeented

clnewhere in this conference, 12

Over the year~ we found thnt the generic
MC did reveal mechnnica] probl~ms ●uch as AI

ati(.ky shutter in the SAI (cauned hy the acid

environment of the glov? box). }{nwover, thu

gt,neric MC can be mntiaftod even if (a) the de-
trctor resolution has deteriorattid or (b) the

nyntrm gnln han nh!fted, The reaolutlon degra-
dation iu rautted by nculron dmmnRc, from in.-
crrrtrnrd el@rtronic nolee or by detector aging.
Thr nyatem Rain nhift may ronulr from a faulty
d!~itnl atabillc~r or ● groan Satn nhlft that

cnnnot be corrected by the stnbll izera, Tho
gcner’ic MC wo\tlfl not rcvenl theuc prubl~ms, I n
add it ion, t:lr. ~P1lrllc MC tt)[l!rltto ot-ul~lpl.cti hul
they do not indicate their urtginn.

In (tr$vPloplnR new !nrllrllrnmnts nurh fin the

SAI (s~{c.nd ~ewrnt lon)7 nnd the LOSA1 13 for tho
fnctltty, WII added tlIe djngn(,~ttc W to romplQ-

ment th* Rmnorl(. HC, !t%e dtn~nunttr MC have
bo~n in tln~ for mhout 2 yearn and have bean

valuablp In rt.von!lng Inntrtimrntal probleme
enrlirir l}lan dld the Kmnorlc W;. Ti)o diaRnn#tir
MC abown 10 Fig, 1 doterta the prcviounly un-
d~tactod ● rrois ment Innpd ●hnv@. Th@r@ ● rm two
mmjor dtf!errnron 1)-tweon the genorlr and diag-

___— .-. _. ..— .—___~=+a~
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Fig. 1, Ccneric and diagnostic MC checks.

noetic MC: the diagnostic MC in general have

no utatlstfcal baais, in contraat to the generic

Mc. The dtngnoatic checks are performed before
the aaaay results are calculated, whereaa the

generic checks are performed after the ●aaay
results are calculated, Below la a description
of the df,~gnoetic checks included.

(1)

(2)

(3)

(4)

ftAck~roUlld Chuck

Tt;e need” ”f”or”-~hla check ia ohvioue, The

background is meaaured daily, If the back-

ground crmntlng rate io either energy

region of interea! e~ceedn predetermined

Ifmfta, the anari:, cbAr.ber must he cleaned,

Resnlutipn Check.- .-..
This cfie(k ‘la performod on thr two pcnka

uned for gain and zrro atdbllir.ntion. Be -
CrI\IIIr the detector renulut ion d~pcnd~ on

the grnnrn cnunl tug rate, the llmj~n arr aet
at 20% nbuve the raaolut lon~ of thone twu

penkn at lhr },4”1 ,~ PXi)(l C t ?(t ,.(l\lllt Ink

rate, If thrar llmtta nrt~ mx[,rt,ded, a

w~rn!!lg mrn+aRe in giver,

?,rro-Gntn Clwck

‘t’1)1~ chock ie–pcrforrned t{ n~lrcrtatn that
th~ toro nnd Halo hnve not drift-d fr{)m th.,
nrtgtnml vnluea, Thw (,llrrk III p~rfur’m~d

on the twn peako uned for ntnblljrnt ton,
Thr Iim!tn are ij/j l,hnl\tlel f Lom t he
clwrnnolm npt on the atabll{rvrn.

Penk Ratio Check

Thin rhorh Ia porfor’mod tu r~vonl rlltrnuon
in dc$tmctor relatlvo mfftcjen(,y and n~)lne
1-VIII. Th@ limit in ●et ●t 1 rttfima frnm
the pntahlielted ratio, T!llc check vna lm-
pl*m~ntad i n tbc SAIS)) to tndlcato all



●ccidental movement of the detector rela-

tive to the sample chamber by meaeurirrg the
ratio of the counting ratee from the cad-
mium eource fixed to the detector and the
plutonium trannmlssion source fixed in the

ohutter. The 414-keV (239PU) to 88-keV
(109Cd) peak ratioa ● re checked. The
ratio check han been found to be ●enaitive

to other instrumental problems. Firnt, ●

large increaae in the electronic noine
usually ahowa ● different relative detec-

tion ●fficiency for a low-energy peak com-
pared with a high-energy peak. Second, if
the SAX ahutter faila to open fully, the
peak ratio will not be within acceptable
limits.

III. RECONNENDATIONS

The combination of generic and diagnostic
MC checks haa been applied to two HRGS plant

in6trumentn7013 that have aevertl yeara of
plant operation, We found both the generic MC
and diagnostic to be necessary and recommend

their incorporation in nll future htgh-reeolu-

tton gamma-ray lnotrumenta from Loa Alamoa.
C!agnontic checks are alao being developed for
.If!tron aanay nyatema.

REFERENCES

1. E. R. M*rtlrr, D, I. Jo~eu, and J. L. Pnrker,
“Cammti-Ray Mcnsurernet,tu with the SeRment@d thmrmr

Scan,” Loa Alnmos Scientific Laboratory report
LA-7059-M (1977),

2. J. K. Sprinkle, Jr,, H, R. B~xmarr, D, G,
14angner, T. R. Canada, and T. E, Sampcon, “Tl)e
In-Pl#nt Evalu#I,ion of a Ur~ni{im NDA Syst@m,’”

I n “M~’~N1lr@m@nt Technology for Safeguard and
MAt@rifIlm Control ,’” Proc, Amrr{crrtr Nuclesr SO-

C{ety TLIIIical Cnnfrr@nce, S(tnwmh Ireland, $o{lth

Cflrolfna, J979 (Nntl,,nrrl Burenu of S andnrda,

h’illltl!llKtOl\, DC, Jtino 1980), p~, 324-341.

3. D. l,nn~ner, T. Canada, N, flnnallrr, T, At-
Wl,l!, II, !M!rman, L, Cl!wdcr, 1.. Spelr, T. Van
LynnPl, mod T. Snmpti(jn, “The CMtl-H Mat@r(al
Bnlnnce Synt em,” Loo Alnmon hrt ntiflc Labora-
tory report I.A HIY4-M (Au#uat 1980),

/, , D. G. Shirk, F. Nrrw, T, K. Li, and T. R,
Cnlladll, “A ,, ,fldest ructlve ANrtay Innt r’um~nt fOr

Fienntiremont of Plutonftlrn tn Sollltfonnt” in Ra -

dlorl~m~nt Analynl.n, W. 5. Lyon, F,dltnr (Ann

Arhl~r SC! ONC* Prmmn, Ann Arh{}r$ HIchi Ban, 19qo),
pp. 2’4J-300.”

6. J. L. Pa;ker, ‘A Plutonium Solution Aaarry

Syateu Baded on Eigh-Reaolutlon Camma-Ra; Spec-
troscopy,” L09 Alamoa National Laboratory report

LA-8146-MS (Jawary 1981).

7. T. Narka$ T. K. Li, ard J. L. Parker, “Solu-
tion Aaaay Instrument for TA-55,” Loa Alamos

National Laboratory report LA-9373-PR (September
1982), pp. 13-14.

8. J. J. Malanify and D. C. Amsden, ‘Implemen-
tation of the DYMAC Syater the New Loa Alamos

Plutonium Proce6aing Facility - Phaae 11 Re-
port,” Loa Alamo6 National Laboratory report

LA-9418 (August 1982).

9. L. Cowder, S. -T. Haue, S. Johneon, J.

Parker, P. Ru#ao, J. Sprinkle, Y. Asakura, T,

Fukuda, and 1. Kondo, ‘“Gamma Ray NDA Aaaay Sys-

tem for Total Plutonium and Isotopica in Pluto-
nium Product Solutions,” in ‘Measurement Tech-
nology for Safeguard and ~~terials Contrn’.,-

Proc, American Nuclear Society Topical Confer-
ence, Kiawah Island, SI,uth ‘arolina, 1979 (Na-
tional Bureau of Stnnda{da, l+aQhington, DC, June
lq80), pp. 568-583.

10. L. R. Cowder, S. -T. Haue, S. S. Johnson,

J. L. Parker, P. A. Rum-o, J. K. Sprinkle, Jr.,
Y. Anakwra, T. Fukuda, and I. Kondo, “An Instru-
ment for Measurcmont of Pu Concerrtration end

Iaotopicrr of Product Solutions ●t Tokai-mura,’
Proc. 2nd Annual Symposium on Safeguard nnd Nu-
clear Material Mnnngemrnto Erl{nbwrgh, Scntlarrd,
1980 (ESARf)A, itruaaela, Bclgiura, 1980), pp. 119-
122.

11. W. R. Severe ●nd C. C. Them.tn, Jr., “t4enrr-
uremont Control P1’ograrn fur In-Llnr NDA Inotru-
menta,” 20th Annt.al Ffrettng of the Institute of

Nucl@ar Ft~t@r{nl@ Mnnagrment, Alhuql~erqwe, New
Mexico, July 16-lH, 1979; Nwrl*ar MnterltilR

VIIJJ 620-633 (1979).

12. A. S. Goldnrnn and R, S. M~rnhall, “t$inr
Tllning of a Mon@ur@men! Coot rnl l’roxram mt Lu#
A]nm{)ri Nnf lI!nnl !.nhorntnry,” Proc . Amrricnlt NIi-

cletir Society C(}nfrrenro 011 Snfry{lnrdn T@r:\n[~l -
ogy : The Pr(](’onn-SfifoX{lar,ln Intertrrre, Nlltm!

ll~ad Inlrrnd, !hmth Cnroltna, Novmrnhrr 2H-lh$1@m-
ber 2, 19H3,

13. S. T. N“ , S, F. Mnrxh, and T. Mnrka,

“l{yhrld Chemlr*l and Nondcat rw,t Ive Annl yatm
Tmrhn!quo$” pro{., jll, AIIII,IK1 Symp[}mlurn on $*f@

~llardn and Nurl@#r Mat*rfal MmIAgWrWIII, V-r
oai]lca, Frn!w@, 191!’] (F,SARIJA, lapra, Itnly,

1983), pp. 209-212.
‘1. T. It. 1,1, “Aut{. rented IN.- Ltno Iienawrement nf
pl,,~,,,ll,,m S,,IU! t~)nn In n Plut onturn l’urlf tc~tlrrrl

Procvuu,” Nuul, T*rhNol. J>y t,74-(N17 (19FII).


